p-i-n, [5] [6] [7] and metal -semiconductor-metal [8] [9] [10] ͑MSM͒ photodetectors have been reported. Those photodetectors had an Al concentration as high as 50% and had a ജ260 nm cutoff wavelength. Since it is difficult to grow high quality and crack-free high Al content material, there are only a few low cutoff wavelength photodetectors reported in the literature. 11 The best results were reported by Walker et al. where the cutoff wavelength was 235 nm. 12 In this letter, we report the fabrication and characterization of deep UV MSM photodetectors based on Al 0.75 Ga 0.25 N epilayers.
Al 0.75 Ga 0.25 N epitaxial layers were grown in an Aixtron 200/ 4 RF-S metal-organic chemical vapor deposition ͑MOCVD͒ system on double side polished c-plane sapphire substrates. A thin ͑ϳ50 nm͒ low temperature AlN nucleation layer and a ϳ700 nm high temperature AlN buffer layer were used in between the sapphire and the unintentionally doped ϳ600 nm thick Al 0.75 Ga 0.25 N absorption layers. Figure 1 shows the spectral transmission measurement of the epitaxially grown wafer before the fabrication, which was used to determine the Al concentration. The wafer exhibited a 225 nm sharp cutoff, which corresponds to an Al concentration of approximately 75%. The spectrum also has FabryPérot oscillations, implying the high quality of the AlGaN layer.
MSM photodiodes were fabricated with a four-step microwave compatible process in a class-100 clean room environment. First 70 Å thick semitransparent interdigitated Au fingers were deposited on an Al 0.75 Ga 0.25 N layer. Finger spacing and width varied between 1.5 and 4 m. Subsequently 100ϫ 100 and 400ϫ 400 m 2 device mesas along with active areas were defined by CCl 2 F 2 -based reactive ion etching. The MSM detectors were passivated with an ϳ120 nm thick Si 3 N 4 layer, grown by a plasma enhanced chemical vapor deposition ͑PECVD͒ system. The Si 3 N 4 layer was also used as an antireflection layer as well as for protecting the metal fingers. Finally, we deposited 10/ 400 nm thick Ti/ Au interconnect pads.
Current-voltage ͑I-V͒ characteristics were carried out using a high resistance electrometer with low noise triax cables. The resulting devices exhibited extremely low dark currents and very high breakdown voltages. Figure 2 shows the I-V curve of a 4 m finger width/spacing device. The dark current is below 100 fA up to ±100 V bias voltage, which corresponds to 5.8ϫ 10 −10 A/cm 2 dark current density under 50 V bias. Even under high bias voltages like 350 V, dark current does not exceed 100 pA. These low dark currents and high breakdown voltages show the high quality of our Al 0.75 Ga 0.25 N layers.
Spectral responsivity measurements were performed in the range of 200-400 nm using a Xe lamp, a monochromator, and a calibrated Si photodetector. We recorded the photocurrent using Keithley 6517A electrometer. The resulting responsivity curve as a function of applied bias voltage of a 400ϫ 400 m 2 device with 2 m/3 m finger width/ spacing is shown in Fig. 3 . Devices exhibited a sharp cutoff at 229 nm and a peak photoresponse at 222 nm, which was in good agreement with the transmission measurements. 250%. This situation can be explained by the photoconductive gain in MSM structures. The inset in Fig. 3 points out that UV-visible ͑VIS͒ rejection reached seven orders of magnitude at 20 V bias voltage at 400 nm wavelength. Using the thermally limited detectivity ͑D * ͒ formula
, where R is device responsivity at 0 V bias, R 0 is the differential resistance, and A is the device area, we find a detectivity of 1.64ϫ 10 12 cm Hz 1/2 / W at 222 nm, which corresponds to a noise equivalent power ͑NEP͒ 7.87 ϫ 10 −15 W/Hz 1/2 at room temperature. Finally, we performed noise analysis in order to understand the dominant noise mechanism in our detectors. Our setup consists of a fast Fourier transform ͑FFT͒ spectrum analyzer, current amplifier, dc voltage source, and a microwave probe station. The noise floor of our setup was ϳ3 ϫ 10 −29 A 2 / Hz for frequencies higher than 1 kHz and increased at lower frequencies. Most of our detectors exhibited noise densities well below the noise floor. For that reason, we had to investigate devices with relatively high leakage currents. Figure 4 shows the low frequency spectral noise density of a 100ϫ 100 m 2 device at three different bias voltages. S n ͑f͒ values at 1 Hz are 8. respectively. Noise curves shows that 1 / f ͑flicker͒ is the dominant noise mechanism, which is expected for Schottky barrier AlGaN detectors at low frequencies. Additionally the noise curves obey the relation S n = S 0 / f ␥ with the fitting parameter ␥ varying from 1.1 to 1.2. The noise performance and the detectivity performance of our devices show that our MSM photodetectors are suitable for low-noise applications.
In conclusion, we have fabricated and tested deep UV MSM photodetectors on high Al content ͑75%͒ AlGaN templates. The devices have shown a responsivity of 0.53 A / W under 50 V bias and a detectivity of 1.64 ϫ 10 12 cm Hz 1/2 / W under 222 nm UV light illumination. The fabricated MSM photodetectors exhibited a low leakage current density of 5.79ϫ 10 −10 A/cm 2 under 50 V bias voltage. They have low noise density and a UV-VIS rejection ratio of seven orders of magnitude, which is a record value for an MSM structure reported in the literature. The cutoff wavelength of 229 nm is the lowest cutoff wavelength reported with AlGaN based detectors. 
